There seems to be some agreement that 'science for all' does not necessarily mean 'one size fits all ' (Lynch, 2001).
Introduction
Learning cannot occur without engagement. Learning through play and within imaginative contexts are core principles to Early Years education (Craft 2000 , Edwards et. al 1998 . Theatre has a long history of using its interactive nature and the concomitant engagement to teach various disciplines to young learners (Jackson 1993 , Redington 1983 . Previous research has defined the different ways young children engage with performance (Weddell 2003) , whilst recent research into children's theatre argues for a dynamic partnership with schools, teachers and students to both 1 engage with the curriculum and place the young people as co-researchers (Gattenhof and Radvan 2009) . Various drama techniques, as stated in "'I wonder ...': A Creative Science Springboard" resource for science teachers (2006) , can significantly enhance teaching and delivery, student motivation and creative learning. Total engagement by the children throughout a theatrical performance (if achieved) could suggest the efficacy of using drama to engage and stimulate the young brain. Theatre offers different modes of engagement and also participation at selected moments that could be successful in sustaining young learners' concentration. Although both semiotic and narrative engagement could play a strong role in enhancing children's comprehension (Aram and Mor, 2009 ), the kinaesthetic involvement often is the strongest means of participation that supports greatest memory. In our research we look into the fusion of different performative languages, working at semiotic, kinaesthetic, and narrative level, and introduce them into a performance through different media at different times. We also build upon the theory of multiple intelligences proposed by Gardner (1993) that lays out a pluralist view of the mind, stating that 'people have different cognitive strengths and contrasting cognitive styles' (Gardner 1993, p. 6 ). Gardner's theory had a positive impact on educational policy makers due to the strong case it makes for 'the value of artistic subjects as viable roads to learning' (Guss 2005, p. 43), and also for its use by education professionals to advocate for a more childcentred approach to teaching. We acknowledge, however, that his theories have limitations for drama and theatre educationalists. Our study is in agreement with Guss (2005) that although Gardner's theory presents symbolic play as a manifestation of intra-and inter-personal intelligences, it does not look deeper at the complexities involved in symbolic play. Nonetheless, we build upon this theoretical framework to argue that theatre, because of its combination of complex symbolic forms, supports strongly young learners in understanding complex conceptual ideas, engaging them on differing levels.
The Cosmos project was conceived to give young learners an opportunity to gain knowledge of Deep Space and the stars and to develop new approaches to pedagogy arguably taking the risks of pushing the curriculum further. The Early Years Foundation Stage does not include the understanding of the workings of the Universe within its curriculum. Normally, at that stage children are grappling with notions of the immediate world around them. At present, a number of researchers argue that using drama and performative methods to teach science focuses more on creativity, rather than scientific understanding (Ødegaard 2003) . This study, however, supports Solomon (1999) , finding that learners can develop the understanding of science through creative narratives instead of putting the emphasis on memorizing precise scientific definitions. Indeed, stories are quite memorable and, furthermore, easy to comprehend. Newton (2002) and Hughes (1988) point out that because all the elements in a narrative are connected, it can be perceived by the learners as a unit of imagination and, furthermore, encourages child participation in in-class discussions.
Nowadays, there is a need to develop innovative projects and resources, in order to facilitate a deeper understanding of scientific topics in a more enjoyable and interactive way. It is also necessary to design learning materials that allow freedom of In R&D Phase Two (Oct -Nov 2008) we (1) researched further into different, interactive narrative; (2) generated high quality visual content for the theatrical piece (e.g. set design, video, projections, etc); and (3) developed educational resources, working closely with teachers, scientific collaborators and family centres. These activities were underpinned by investigating age-appropriate learning styles, particularly designing and testing a number of kinaesthetic/multimedia activities.
Cosmos Performance
The Cosmos performance took place at Waverley Studio Theatre, NTU, 6-13 March, 2009 and at Curve Leicester, 27-30 May, 2009. The audience followed the main protagonist (The Child) on a physical and emotional journey through the Cosmos in search of her lost Story Star. After hearing stories of the origins of the universe, they followed her up a ladder beyond the Earth's atmosphere, met anthropomorphic planet 'characters' and journeyed to the far edges of the universe on their quest .
Emotionally, the narrative explores loss, grief, independence and renewal ( Fig. 1 ). 
Participation and Kinaesthetic Learning
Children engaged with the performance through physical participation modelled by the performers. They explored the relationship of the individual to the vastness of space through the notion of a single grain in a sea of sand particles; the motion of planetary bodies in space and concept of gravity through dance (e.g. being physically lifted by dancers and orbited through space); and the 'life and death of a star' in group activity through movement with objects ( Fig. 2 ). All these activities took place in the context of digital projections, lighting effects and shifting musical modalities. 
Visual Spectacle
The 'awe and wonder' necessary for young learners to feel engaged, were engendered through the use of spectacle. This involved puppetry, costumes, film and the use of space and lighting. The audience moved through the spectacle on a physical journey from one cosmic space to another. Digital media working alongside physical objects enabled multi-sensory layers of understanding and learning to take place during the performance. As an example, to explore gravity and our relationship to space beyond Earth's orbit -and to create the effect of 'floating in space' -Blue Screen technology was utilised. During the final part of the performance, young learners volunteered to be placed on a piece of blue lycra held and rotated by the actors. The image of a child was captured digitally and projected onto the screen above them. The effect was that the child could both feel and identify themselves flying in space (Fig. 3 ). 
Fusion of Different Performance Languages
Integral to the performance was the layering of visual and aural forms -the Child character's journey told through the interaction of dance, rhythmic poetic storytelling, film, puppetry, and music. The different performance forms allowed the telling of both the emotional and scientific narratives in multilayered ways, engaging children across their individual learning styles. For example, within the 'liminal' world of Earth's orbit, young learners were playing in sand, surrounded by projected film of a child leaving her father, whilst witnessing a live dance about defying gravity.
Narratives Promoting Empathy
The main protagonist's quest -leaving home, gaining independence and integrating into the wider world -reflected the life experiences of the audience at their age. The performance encouraged participants to identify with the Child's problems and emotions, developing their growing skills in empathy. In her journey the Child meets the Solar Planets, and engages with them as anthropomorphic (dance) characters ( 
Cosmos Educational Resources
A suite of educational and associated kinaesthetic activities was developed and presented to participating schools. These resources contained a follow up to the production (for those who saw it), and a stand alone educational package. Following similar principles to the Cosmos production itself, the resources include teaching materials and strategies using dance, visual art, play and circle time to explore the elements of cosmic space. The package was structured to be delivered intensively (five consecutive days), or on a weekly basis throughout a half-term science block. • Chapter Two develops further the idea of human and cosmic scale, through the analogy of a grain of sand. Gravity is explored through poetic metaphors -and connected to the emotional journey of parental separation and loss pertinent to children at this age.
• Chapter Three is devoted to the concept of the Solar Planetary System. Its relative scale and orbital motion are explored through dance activities, and by the kinaesthetic use of common objects (fruits) easily identifiable and memorable to the learner. The actual physical properties of planets are suggested through play activities with liquids, solids and colour.
• Chapter Four introduces constellations, life cycles of stars and distance/light/emptiness. These important concepts are re-enforced by a 9 narrative emphasis on the need to tell stories (a small child's primary method of communicating her/his understanding of the world). The idea of constellations is reinforced by connective drawing. The concept of stellar life cycles and recycled matter is illustrated through activities with bursting balloons. The making of 'listening devices' builds children's confidence to tell their stories, and introduces sound as an important astronomical principle.
• Chapter Five emphasises notions of memory and loss as the protagonist returns through the solar system to her parental home. Archetypally, she has changed and grown through her quest. The solar system's structure is reprised by creating installations and movement work. The planets' physical properties are re-visited through their anthropomorphic/emotional qualities. Art exercises are used to invite the child to examine their own place in the 'social universe'. Circle time is used as a plenary device to consider the scientific and emotional learning of the project.
These resources were developed to address a gap in the curriculum by examining ideas that are normally dealt with by older pupils through conventional teaching methods. The work undertaken demonstrates that these sophisticated concepts and scientific facts can be explored meaningfully in Early Years, through the different strategies employed.
Evaluation
In order to discover the impact of the Cosmos project on young learners, we employed the following methodology for data collection and evaluation: (1) mapping exercise with the children; (2) audio-visual methods and creative activities (e.g. drawings by children, listening to the 'listening devices', and responding with their own stories); (3) questionnaires with teachers; and finally, (4) ongoing dialogic reflection with teachers, scientists, artists and undergraduate students. The evaluation procedure consisted of pre-performance and post-performance stages.
Pre-Performance Evaluation
For the pre-performance evaluation the young learners were assigned a creative exploratory task named the Map of Universal Experience, through which we attempted to explore the children's conceptual understanding of Earth and Space before seeing the actual performance. The map (Fig. 6 ) was designed to find out how much the children knew about the world beyond them , what the universe is made up of, and to investigate their understanding of the concept of distance. 
This interactive map consisted of progressively larger circles that represented what
young learners know about their position in space (i.e. home, school, city, country, planet). Children were given a number of images and symbols, which were designed specifically for this activity to give them some visual clues on the subject. In addition, some of their responses were written down on the pieces of paper and then placed on the map firstly by a teacher, and after that by children themselves.
Our findings suggest that the level of understanding of what is beyond our
planet differs from school to school. Some children had more exposure than others to media, such as computer games and television, enhancing their knowledge of the solar system and facilitating discussions about the possibility of life on other planets (i.e. aliens). There were, however, consistent patterns of young learners having difficulty in comprehending the concept of distance between planets and stars, and in understanding the notion of orbiting (the predominant opinion was that the Moon takes the place of the Sun during the night-time). It was also observed that children often strove to give correct answers in order to please their teachers. Nevertheless, as a creative evaluation tool to assess children's existing understanding (and for comparative analysis) the mapping exercise was successful. It also served as a teaching tool for scientific debate and enquiry in that it engaged young learners in discussions about the scale, colour and positioning of the planets and in stimulating their ability to question the world around them. Some of the questions that emerged during discussions included: Does space have earthquakes? Why do the clouds go orange/pink when the sun is sinking? Is a 'spaceologist' someone who explores space?
Post-Performance Evaluation
Six groups of children (each consisted of six participants) from three schools were involved in the post-performance evaluation activities, which once more involved the Map of Universal Experience. These exercises focused on the progress young learners made in developing their knowledge about the space and the Universe. In their recapping of the spectacle, the children mostly remembered the story of the Little Girl and her journey to find the Story Star. They especially remembered her meeting angry Mars and the little planets at the edge of the universe, as well as the Little Girl tying their shoe laces. They remembered her crying when she found the Story Star and asked her to tell her a story: 'She was crying and the little girl said, tell me a story and then she was there.' Teachers described the young learners' recall on the emotional content of the performance as impressive and were surprised with the level of detail they were able to remember. Figure 7 is based on teachers' evaluation and illustrates the children's understanding of the scientific concepts presented to them throughout the project. Across the schools, there was a good understanding of the concept of many. Most children could remember Jupiter and Mars, recalling them as red/orange and large, and red and small respectively. Some young learners remembered Saturn, especially its rings around it, and Mercury as a small planet, and Mace Mace and Eris as being small planets furthest away. Some children gained an understanding that the planets orbited, describing them as 'going around and around'.
The understanding gained around the concept of distance was the least successful of all the concepts. Many understood that space is far away (beyond the clouds) mainly through the use of scenery, and some children described Jupiter and Saturn as being in deepest space. Most pupils understood that the sun and moon were beyond the clouds, placing them on the map further out in space. There was some continued difficulty in comprehending that stars are further away than the planets, although during the post evaluation there was healthy debate and discrepancy amongst the children around this notion. The children in one school who had used the education resources and followed the work up in the classroom over a period of time, were able to describe that is was hotter the closer you got to the sun, whilst it was colder the further away you were.
The teachers who were involved in the post evaluation mapping exercise expressed the opinion that the concept of scientific exploration had been gained by the children mainly through their empathy with the young child on her journey through space. All participating teachers agreed that there was full engagement with the performance and the story , achieved mainly through the use of multiple stimuli and participation to engage different learning styles. Although this engagement enabled partial understanding of the science concepts it was an excellent stimulus and introduction into them.
Data Analysis
We analyzed the collected data from three important research perspectives: (1) Academic perspective:
Cosmos Research Seminar was held on the 11 th of March 2009 at Nottingham Trent University. A number of researchers, teachers, artists, scientists and undergraduate students gathered together to discuss the outcomes of the Cosmos educational programme and performance, the importance of the project, and its potential for developing various pre-school learning activities. Researchers and academics were concerned with the current teaching strategies in secondary and higher education learning, with a heavy emphasis on auditory teaching modes and within the confines of an over restictive curriculum. They argued that this should be avoided in pre-school and primary education. Children are already 'scientists'. They are curious by nature, they explore and enquire. This notion of enquiry is about experiencing a process -not learning statements and facts. Therefore it was important that children could choose when and how to engage with the performance of Cosmos, a choice which is often taken away in school. Another interesting perception was the curious tendency amongst University science teachers to work in schools to explore and research with very young learners. It was argued that in later years, science can become 'dry' and lose its 'magic'. Thus it is vital for young children to discover and learn about science through a multi-textural and multi-sensory experience that included a variety of media. In addition, an astronomer remarked that it was a common conception that astronomy is quite detached from society; whereby, stars are used to create stories to interpret reality (e.g. zodiac, astrology).
(2) Teachers' Perspective:
All participating teachers (eight in total) were asked to keep a diary of observations throughout the duration of the project and fill in a questionnaire. The main consensus amongst them was that the children enjoyed physically interacting with the props and actors, as well as their enjoyment at being immersed in the 'Cosmos' through the use of lighting, video and projections. It was also noted by all teachers that different types of participation employed throughout the performance enabled memories of it to be long lasting. They noted that the pupils kept talking about the performance weeks after they saw it. The involvement of the children in a piece of interactive theatre, as opposed to them being merely spectators, was beneficial in maintaining the young learners' concentration throughout an one hour long performance. Figure 8 illustrates the ratio between the different types of learning observed by the teachers during the performance, and the most memorable moments the young learners recalled in the weeks after the performance The data evaluation exemplified that although both semiotic and narrative engagement of young learners enhanced their comprehension of scientific concepts, the kinaesthetic involvement supported greatest memory Some teachers emphasized that such concepts as 'many' and 'distance' are massive things for very young children to comprehend. However, the fact that they gained knowledge about the Cosmos, mainly through the sensory experience of the performance and educational activities, was absolutely crucial. Additionally, most children recognized (with the help of multimedia) that the Little Girl had left her
Father and had journeyed to the stars to look for her Story Star, grasping the scientific concept of exploration. It was a key finding, albeit a predictable one, that the educational resources proved very useful in deepening the children's understanding of the three concepts as further investigation could take place back in the classroom through a creative approach.
(3) Children's Perspective
As mentioned above, the interactive evaluative exercise took place pre-and postperformance with young learners from across 3 schools, whilst the conversations were conducted with all the children immediately at the end of the piece. Children were asked to listen to the 'listening devices' and respond with their stories, or draw their most memorable experiences. Some of the young learners, for example, drew themselves floating in 'cosmos', whilst using the Blue Screen technology (Fig. 9 ).
Others drew themselves climbing up the ladder and sliding down into the sand, dancing with the spheres, and being carried by the actors through space. Some of the children concentrated on drawing the Little Girl, the Story Star, the Sky Monkey puppet, the orbiting planets (especially Mars), and the child leaving and then being reunited with her father. Some of their comments included: 'We played with balls, they were planets', 'Saturn has rings, she had a skirt that looked like rings and she had a ribbon.' Unsurprisingly, both the stories and the drawings are full of cosmological phenomena, but what was unexpected for the teachers is the fact that children who didn't usually participate in storytelling were eager to contribute. One little girl who had recently joined a school and as yet had not spoken, began to talk about the things she was seeing in front of her. Interestingly, many of the most memorable images recalled, were those developed through the initial research and development phases, or those moments within which the young people were actively engaged.
Research Outcomes and Limitations
The results from the immediate dialogue with children (i.e. audio-visual and creative activities) affirmed one of the main findings of this research that their most memorable moments were connected to various kinaesthetic activities young learners were involved in during the performance and evaluation stages. Furthermore, our research outcomes suggest that the emotional content of the piece carried greater weight than the scientific content, suggesting that it might have been the power of performance to create empathy for others that enabled a memorable experience to happen, and through this, captured a scientific imagination. Through the process of evaluation, despite working closely with teachers to formulate the methodologies, it was still problematic to assess outcomes with young learners when relying on their memory and also verbal and written responses. The drawing feedback at the end of the performance enabled the children to respond most immediately without recourse to spoken language. However an understanding of the impact still needed to be mediated orally. The mapping exercise was a useful data collection tool (although still relying heavily upon oral remembered responses), which was playful and interactive.
In itself the map was conceived as an evaluation and reflection tool but it also had excellent potential as a teaching and learning device. The nuance between evaluating and teaching was at times tricky whilst using the map, as there was a temptation to 'teach' when discovering what the children didn't know .However remaining open to all the children's observations was important to capturing the evaluation.
An understanding of other planets in our solar system, of Cosmic distance, and the notion of exploration was understood at varying degrees of success. Most staff felt that all of the scientific concepts had been introduced to young learners but they did not manage to gain a complete understanding of them. However, they were unconcerned by the partial understanding of some of the concepts. The teachers and the scientists involved in this project both argued that it was the conceptual learning that was more important than the learning of hard facts such as the names and order of the planets. This raised an interesting pedagogical question of whether a theatrical performance should support the factual learning or contribute more to the conceptual learning? The performance was not intended as a 'drop in, drop out' (Gattenhof and Early Years educators and young learners. In attempting to address their needs and questions, we have trusted that the work is meaningful to all participants on both an emotional and intellectual level. We believe that every pupil has a right to be involved in and experience high quality learning through creative and cultural opportunities.
The question we would ask educators is whether cultural entitlement implies that young learners are passive recipients of cultural artefacts or whether there should be an opportunity for young people to be co-creators in their cultural entitlement.
Conclusion
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The Cosmos project proved to be a valuable, in many cases, first introduction to space and the planets for young children. One might ask however, whether it is necessary to teach such complex scientific topics to very young learners. Our research indicates that children were capable of grasping complex scientific concepts through the programme we have delivered. Feedback from teachers and children indicates that performance encourages children's curiosity in the world around them and engages them in greater scientific understanding. Our evidence shows that children achieved either 'secure' or 'partial' understanding of all the scientific concepts in 'Cosmos'.
Our pre-performance evaluation indicated that children had very little understanding of any planets and that they had thought that the sun and the moon are sitting 'in the cloud'. Post-performance evaluation proved, however, that in schools where young learners hadn't yet worked with the educational resource pack, their connection with or remembrance of the piece was strongest on an emotional level. On the other hand, in those schools where the staff had followed up the 'Cosmos' work scientifically, children remembered planets and had a sense that stars, suns and moons were 'beyond the clouds' -i.e. in space.
One of the main findings of our research is that performance which employs complex multiple forms, can have an impact on scientific understanding because of its multi-sensory and multi-textual fabrication. Its value lies in the power to engage all the senses and learning styles as well as the 'intellect'. The active and kinaesthetic type of learning explored by Cosmos has implications for how performance could be valued and embedded in teaching and learning across all areas of the curriculum, not as a one off but as part of a whole programme's work. As a model of partnership working it contributes to the discussion of the nature of 'cultural entitlement'.
Following on from our findings, we are interested in investigating the link between emotion, memory recall and scientific understanding. 
Concept of Many
Concept of Distance
Concept of Exploration
